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Elucidating the Pathway of
Cardiac Excitation*
LEONARD N. HOROWITZ, MD, FACC
Philadelphia. Pennsylvania
Knowledge of the course of impulse propagation through
the ventricles identifies the origin of a ventricular arrhythmia
and allows an analysis of its mechanism. As in many areas
of cardiac electrophysiology and the study of arrhythmias,
the origins of cardiac cartography can be traced to Sir Thomas
Lewis (I). He introduced the technique that has become
known as cardiac mapping. The pattern of spread of the
excitation wave across the ventricles was determined by
recording electrograms from a single electrode placed on
various areas of the ventricles. A reference electrogram was
recorded from an electrode fixed at another site. The acti-
vation time at each explored site was expressed in relation
to the reference electrogram and the derived activation times
were plotted on a representation of the heart to show the
pattern of impulse propagation (2). Within a decade, map-
ping studies were extended to the human heart (3,4). The
elegant studies of Durrer and coworkers (5-7) elucidated
the pattern of normal ventricular activation and ushered in
the modem era of cardiac cartography.
Simultaneous recording of endocardial andepicardial
activation. More recently, the excitatory pattern during
ventricular tachycardia has been studied in humans with
techniques remarkably similar to those described by Lewis
more than 60 years earlier (8-10). Refinements in mapping
techniques, particularly the use of computer technology and
novel electrode arrays, have allowed a more precise de-
scription of the excitation process and, more important, have
provided insight into the mechanisms of ventricular tach-
yarrhythmias (11-13). The report by Harris and coworkers
(14) in this issue of the Journal extends these studies and
adds substantially to our understanding of malignant ven-
tricular tachyarrhythmias in patients with ischemic heart
disease.
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The simultaneous acquisition of >200 epicardial and left
ventricular endocardial electrograms during ventricular
tachycardia avoids one major limitation of previous studies,
namely, the sequential rather than simultaneous recording
of epicardial and endocardial sites. Simultaneous recording
of epicardial and endocardial activation permits more pre-
cise correlation of electrical events recorded at various sites
during ventricular tachycardia. Moreover, the ingenious de-
sign of the endocardial electrode array obviates another com-
mon problem of previous endocardial mapping studies, the
ventriculotomy. Because the technique of Harris et al. elim-
inates the need for a ventriculotomy, it avoids potential
disruption of conduction pathways, which might distort the
pattern of activation. This avoidance of ventriculotomy in-
creases the number of patients in whom endocardial map-
ping can be performed because the investigators found that
ventricular tachycardia could routinely be initiated after
placement of the endocardial electrode, whereas this is not
always the case after ventriculotomy. The use of the en-
docardial balloon electrode array maintains intraventricular
pressure, and presumably transmyocardial wall tension, at
more physiologic levels so that activation data is obtained
under conditions that more closely simulate the clinical state
during ventricular tachycardia.
Patterns of reentry. Harris et al. (14) have confirmed
in humans several observations that have been made in
experimental models of ventricular tachycardia due to myo-
cardial infarction. Harris et al. have also extended our
knowledge from other studies in humans. They have con-
firmed that, when ventricular tachycardia complicates chronic
myocardial infarction in humans, it frequently appears to
originate in the endocardium, and that electrocardiographic
configuration is more dependent on the pattern of epicardial
activation than on the area of earliest activation on the en-
docardium. More important, these authors have classified
various patterns of endocardial activation that strongly sug-
gest, and in some cases confirm, the reentrant mechanism
of this type of ventricular tachyarrhythmia. They confirmed
that macroreentry and circular reentry can occur and produce
clinical ventricular tachycardia. These patterns of reentry
have previously only been suggested by more limited map-
ping techniques (10,15,16).
The mapping techniques of Harris et al. (14) resolve some
of the dilemmas previously created by the sequential en-
docardial mapping techniques commonly employed. With
those techniques, electrograms were frequently recorded that
occurred almost precisely in the middle of diastole. It was
not clear whether these electrograms were "early" or "late";
frequently, because they were of low amplitude and frag-
mented in configuration, it was suspected that they either
were critical to the maintenance of the tachycardia or, con-
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uncommon to record from adjacent anatomic sites electro-
grams that were widely disparate in activation time. The
activation data presented in this report clarify why such
recordings can be seen in more limited mapping procedures.
Limitations of techniques. Although the techniques and
data presented by Harris et al. (14) represent significant
advances, their study is not without its limitations. Despite
the recording of electrical activity at 220 sites simulta-
neously on both the epicardium and the endocardium, con-
tinuous and sequential electrical activity throughout the cycle
length of the tachycardia was observed in only a small
minority of tachycardias mapped. The reason for these miss-
ing electrical data is uncertain. The most obvious expla-
nation is that this electrical activity was located intramurally
and thus not accessible with the techniques employed. In-
tramural mapping with multipolar needle electrodes could
examine this possibility. The tissue responsible for gener-
ating the missing electrical activity may produce electro-
grams that are so low in amplitude, or propagation may be
so slow over short distances, that even the current recording
system is incapable of consistently recording them. Poten-
tially more distressing is the possibility that in some tachy-
cardias there is no such bridging electrical activity and the
arrhythmia is due to an automatic mechanism. Although this
latter possibility is becoming increasingly less likely, it can-
not be completely excluded. Unfortunately, solutions for
these limitations may not be as simple as adding intramural
electrodes or even increasing the number of endocardial and
epicardial electrodes.
Clinical application to ablation techniques. The clin-
ical application of cardiac cartographic techniques continues
to be popular. Various ablative techniques, including direct
resection, isolation, cryoablation, laser ablation and ful-
guration, have their respective advantages, limitations and
proponents (17-21). With the exception of isolation tech-
niques, each ablative technique is dependent on localization
of the area responsible for the tachycardia. Acceptable clin-
ical results may be obtained with some ablative techniques
that do not require such precise localization as is afforded
by the high density mapping described by Harris et al. (14);
however, other techniques, particularly fulguration, may
require such localization.
Also in this issue of the Journal, the same laboratory
(22) reports the use of endocardial balloon electrode array
for electrical ablation of ventricular arrhythmias. Using this
electrode array in a closed heart procedure, they report that
fulguration can be successfully performed in a relatively
circumscribed area of the ventricle. With precise localiza-
tion of the area of origin of the ventricular tachycardia, early
and preliminary results are promising.
Advances in the complexity of scientific technique should
not be undertaken without considerable justification; how-
ever, when these lead to advances in our understanding of
clinically important phenomena, they are justified. This is
no less true in 1987 than when cardiac mapping began, as
Lewis (23) said, "To advocate the general use of laboratory
methods involving costly devices and time-robbing tech-
nique is not my desire; it is to emphasize the vital importance
of precise methods in progressive studies in disease." More
complete understanding of the mechanisms of ventricular
tachyarrhythmias will undoubtedly improve our ability to
treat them.
When we look at the maps of the great cartographers of
the Middle Ages, we appreciate the limits of their under-
standing of their world, just as when we look at the epi-
cardial maps of Lewis, we now understand the limits of his
understanding of the excitatory process. Hopefully, when
viewed in the future, the cardiac maps published in the
present issue of the Journal will appear just as primitive.
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